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This application is a National Phase of PCT/DE2004/002172, filed September 
30. 2004. and claims the priority of German patent document DE 103 57 075.6. filed 
December 6. 2003. the disclosures of which is expressly incorporated bv reference 
herein. 



The invention relates to a method for reducing the noise of turbo en^nes . and 
to a rotor-stator configuration for such an engine, according to the preamble of claim 
1 as well as a rotor otator arrangement according to claim 10. 

Turbo engines are characterized by a sequential arrangement of rotating and 
stationary blade cascades, also referred to as the rotor and stator. Fig. 1 . for 
example, shows by way of example the arrangement of the rotor and stator in an 
aircraft engine. The working medium[[,]] {typically airi[[,]] passes in the direction of 
the arrow , through the combination of rotors and stators in the different modules a, 
b, c of the turbo engine. In Fig. 1 reference letter a designates the fan section, which 
is produced includes, in the direction of flow^ [[from]] the combination of the fan Rl 
and the guide vane Si in the primary circuit 1^ and/or the outlet guide vane 82 in 
the secondary circuit 2. The compressor stage b includes, in the direction of flow^, 
[[is]] the combination of the impeller R3 and the guide vane S3i and the turbine 
stage c includes, in the direction of flow^ [[is]] the combination of the guide vane S4 
and the impeller R4. 

Other turbo engines are known, for example, as compressors, fans, or power 
plant turbines. 
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One of the primary noise sources of this arrangement is the so-called rotor- 
stator interaction or stator-rotor interaction. [[The]] Such rotor-stator interaction 
noise is the product of the following mechanism: Due to the periodic peripheral 
wake of a rotating blade cascade (rotor), a downstream stationary blade cascade 
(stator) is exposed to period transient flow, causing periodic hydrodynamic pressure 
fluctuations to be applied to these stator blades, which are emitted to the 
surrounding area as tonal noise. Also, The rotor otator interaction noioo io the 
product of the following mcchaniGm: When when a rotating blade cascade (rotor) 
penetrates the stationary wake of an upstream stationary blade cascade (stator), 
the rotor blades are subjected to periodic transient flow, causing periodic pressure 
fluctuations on these rotor blades, which are emitted to the surrounding area as 
tonal noise. 

During take-off and landing, the afore-mentioned mechanisms contribute 
considerably to the noise emission of commercial airplanes and therefore represent 
a restrictive variable with respect to the ever more stringent noise protection 
regulations of airports and their surrounding areas. 

Wo know of Both active and passive noise attenuation systems are known . 
For example, acoustic liners are installed in the delimiting areas of the flow ducts of 
the engine, or the rotor-stator spacing is increased. [[US]] U.S. Patent No. 
4.313.387 . on the other hand, diocloood discloses a passive system, where reduced 
noise is achieved by curving the stator blades. One disadvantage of these measures 
is that the size and the weight of the engine increase. 

Another passive measure, where the rotor comprises a serrated shape at the 
rear edge, is rovoalcd disclosed in European patent document EP 1 277 966. 

[[US]] U.S. Patent No. 5,335,417 and [[US]] U.S. Patent No. 5,420,383 
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disclose active measures for noise reduction, according to in which acoustic sources 
are disposed in the inlet of the engine and/or secondary duct of a turbo engine 
and/or in the stator blade. These measures are based on the anti-noise principle. To 
this end, by means of a complex distribution of acoustic sources, the attempt is 
made to imitate the modular characteristic nature of the sound field. A 
disadvantage is that these methods and systems are very complex. 

Additionally, [[US]] U.S. Patent No. 6,004,095 diocloGod discloses a method 
for achieving noise reduction by continuously blowing the rotor trailing edge. 

It io the One object of the inventio n, therefore, is to provide a method, which 
improves the reduction of noise emission in turbo engines by means of active 
measures. 

Another object rolatos of the invention is to tho provision of provide a rotor- 
stator arrangement, which allows the implementation of reduces noise reduction 
generation in turbo engines. 

ThoGO objccto arc achieved with the method according to tho charactoriotics of 

claim 1 ao well as the rotor stator arrangement according to the charactoriotico of 
claim 9. Advantageous ombodimonto of tho invention are the object of the 
dependent claims. 

These and other objects and advantages achieved bv the method and 
apparatus according According to the invention, in which the hydrodynamic 
pressure fluctuations occurring on the blade cascades are lowered by varying the 
surface circulation of at least one section of at least one stator. Unlike the familiar 
known methods, this method technique directly approacheo addresses the source 
where the noise is produced. 

In an advantageous embodiment of the invention, the surface circulation of 



3 



080407.57694US 



one or more blades of the stator is varied. To this end, it is particularly 
advantageous that the aerodynamic characteristics of the stator are influenced by 
the deflection of one or more blades of the stator or sections of the blades. Of course 
it is Goncoivablo possible to influence the aerodynamics of any arbitrary number of 
stators present in a turbo engine^ with the method according to the invention. 

In particular it is advantagoouoly poooiblo advantageous to vary the surface 
circulation of the stator periodically. Furthermore, according to another 
advantageous embodiment of the invention, the control of the individual stator 
blades of a blade cascade can be performed either individually or corresponding to 
the separation and the rotational speed of the rotor^ with a delay. The control 
frequency of periodic processes advantageously corresponds to the base frequency of 
the tonal noise and is obtained from the product of the number of rotor blade 
number and the rotational speed. The phase position and/or the amplitude of the 
control are advantageously controlled corresponding to suitable error signals . ThoGO 
error oipnalo ^ which are supplied in particular from microphones or pressure 
sensors. 

The method according to the invention therefore makes it possible to adjust 
the surface circulation of the stator blades^ such that the pressure fluctuations 
produced by the peripheral wake of an upstream rotating blade cascade on these 
stator blades are reduced^ or that the pressure fluctuations produced by the wake 
these stator blades on a downstream rotating blade cascade are reduced. Of 
course it is possible in the case of a multi-stage configuration of a turbo engine to 
employ a combination of the effects described above. 

The rotor-stator arrangement according to the invention comprises one or 
more stator means for influencing the aerodynamics of the stator. The means 
advantageously are: 
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- one or more blades of the stator , which blades which are movable about a 
predefined axis [[,]]; 

- one or more movable leading edge flaps, which are disposed on 
one or more blades of the stator [[,]]; 

- one or more movable trailing edge flaps, which are disposed on 
one or more blades of the stator [[.]] : and 

- one or more movable surface elements, which are disposed on 
one or more blades of the stator. 

Additionally, one or more openings for the suction and/or blowing of air are 
provided on the surface of one or more blades of the stator. This way In this 
manner, it is also possible to influence the occurring pressure fluctuations. 
Particularly when performing period blowing and/or suction steps on the surface of 
the stator blades, it is possible to reduce the pressure fluctuations produced by the 
peripheral wake of an upstream rotating cascade. 

In another advantageous embodiment of the inventive rotor-stator 
arrangement, one or more openings for blowing air are provided on the traiUng edge 
of one or more blades of a stator. In a suitable configuration, continuous blowing of 
air on the trailing edge of the stator blades harmonizes the circulation of a 
downstream rotating cascade, thus lowering [[the]] resultant pressure fluctuations. 

Advantageously, the means for influencing the aerodynamics of a stator are 
mechanically, electrically, piezo-electrically or pneumatically operated actuators. Of 
course it is possible, depending on the application and position of an actuator in the 
rotor-stator arrangement, to use different actuators. Contrary to the actuators used 
in tho familiar known methods or devices for attenuating noise in turbo engines, the 
actuators used in the method according to the invention^ and the rotor-stator 
arrangement according to the invention^ do not serve the generation to generate of 
an anti-noise field, which compensates the sound field produced by the turbo 
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engine. According to the invention, the actuators serve the dofloction of to deflect 
the stator or sections of the stator, particularly [[of|] the blades or sections of the 
blades. 

An active system corresponding to the present invention can be suitably 
combined with passive systems , Thio wa y , so that it is possible, for example, to 
activate the system according to the invention in addition to potentially present any 
passive systems that are present in airplane engines^ during the noise-relevant 
flight phases (take-off and landing). 

The system according to the invention can of course also be used in turbo 
engines which are not used in the aeronautics industry, for example in power plant 
turbines. 

One advantage of the invention is that the system is maintenance- and 
assembly-friendly since the actuators are provided in the stationary system of the 
stators. 

The invention will bo explained in more detail with rofcrcncoG to the drawing, 
wherein: 

Other objects, advantages and novel features of the present invention will 
become apparent from the following detailed description of the invention when 
considered in conjunction with the accompanving drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is an example of an engine in a sectional view[[,]]i 
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Fig. 2 is an example of the blades of a stator with the means according to the*' 

invention for varying the aerodynamics of the stator[[,]]i_and 
Fig. 3 [[are]] shows examples of the blades of a stator with openings for the suction 
and blowing of air. 

DETAILED DESCRIPTION OF THE DRAWINGS 

Fig. 2 showSi by way of example^ the blades of a stator with the means according to 
the invention for varying the aerodynamics of the stator. Reference numeral 11 here 
designates any arbitrary axis, about which the blade S is movably disposed. A blade 
S can be provided with leading edge flaps 12 and/or trailing edge flaps 13. Beyond 
that, a blade S may comprise one or more means 14 (actuators, for example), which 
are disposed on the surface of the blade S. Thooo moano 14 can bo actuators, for 
example. 

Fig. 3 ohowG in Fi^. 3 shows the upper part of an illuotration by way of example of a 
blade S, which comprises openings 15 and 16 in the area of the leading edge and in 
the center area. These openings 15 and 16 can serve on ono hand the suction of 
either to suck an air or on the other hand the blowing of to blow air. The lower part 
of Fig. 3 shows by way of an example of a blade S, which comprises an opening 17 in 
the area of the trailing edge, which opening allows air to be blown out continuously. 
Of course the means 15, 16, 17 for the suction and blowing of air can be mutually 
combined arbitrarily. It can be provided, for example, also that adjoining blades of a 
stator comprise openings for the suction or blowing of air, which openings are 
disposed in different configurations. 

The fore^oin^ disclosure has been set forth merely to illustrate the invention and is 
not intended to be hmiting. Since modifications of the disclosed embodiments 
incorporating the spirit and substance of the invention mav occur to persons skilled 
in the art, the invention should be construed to include everything within the scope 
of the appended claims and eouivalents thereof. 



